Large-scale Multiple-Input Multiple-Output (MIMO) 
Introduction
LARGE-SCALE MIMO (Massive MIMO) has emerged as an attractive technique which can dramatically increase the capacity and robustness of the fifth generation wireless communication system. Given perfect channel state information (CSI), the received signals of every antenna can be combined coherently, and the array gain ascends linearly with the increment of the number of antenna elements at the Base Station (BS). Moreover, the large dimension channels of different users are asymptotically orthogonal and the multi-user interference is expected to be finally vanished in Large-scale MIMO system [1] . However, in practice, such benefits may be difficult to acquire for that the BS can't acquire perfect channel state information [1] [2] . This is especially severe when the non-orthogonal or same training sequences used in adjacent cells for uplink training, which is named as the pilot contamination.
The channel estimation algorithms have been extensively investigated and some approaches have been proved effective in suppressing and even eliminating the pilot contamination [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . In Reference [3] , a Bayesian estimation approach was presented. It was shown to offer a powerful way of mitigating the pilot contamination by enabling the pilot assignment coordination among the adjacent cells. The coordination approach made use of the additional second-order statistical information of the user channels, thus needed to exchange mass interfering channel information among multiple cells. Ref. [4] proposed the blind channel estimation derived from the eigenvalue decomposition of the received signals. This approach exploited the asymptotic orthogonality of large-scale MIMO channel. But the orthogonality was not guaranteed in any environment nor with arbitrary antenna number. In Ref. [5] , the conventional channel estimation was corrected by the partially decoded data with the prior data information. The cross-contamination in the channel estimation was caused by the transmitted signals from other users, and was finally suppressed in data-aided channel estimation because the data part of every frame was typically less coherent than the pilot part in a practical system. On the other hand, the self-contamination was caused by the dependency between the channel estimation and the estimation error, and was also suppressed by four or more iterations of data-aided channel estimation. But the data detection wasn't completely designed. Ref. [6] exploited the Space-Alternating Generalized Expectation-maximization (SAGE) iterative process to iteratively estimate the channel information. It focused to reduce the complexity and mitigate the pilot contamination. Unfortunately, the data detection wasn't be completely designed in Ref. [5] and [6] . Above all, the large-scale MIMO processing gains are not fully utilized in the above mentioned algorithms.
In this paper, a novel iterations algorithm is proposed by the joint optimization of the channel estimation and the data detection. The detection of receiving signals combines MF receiving precoding and MMSE detection to acquire the large-scale MIMO array gains, thus the detected data acquires better detection performance. Moreover it is more lightly interfered than the multiplexed pilots because the transmitted data from different users is non-coherent. For those reasons, the detected data is in turn applied to suppress the pilot contamination in the channel estimation. After only one iteration in high SNR cases and three iteration in low SNR cases, the proposed algorithm can obtain the detected data and the channel estimation information with the required performance, so that it can effectively reduce the complexity of mitigating the impact of the pilot contamination in contrast with [5] and [6] . Finally, the simulation results prove that the proposed algorithm has significant performance gain than that of the tradition algorithms with respect to the channel estimation and data detection. Figure 1 , all the users synchronously transmit the same pilot sequence to their serving BSs, then the signal received at the base station of j -th cell can be expressed as:
Notations

System Model
Where, 
Iterative Algorithm with Joint Channel Estimation and Detection
In this section, we present an iterative joint channel estimation and detection algorithm that the detected data is used to update the channel estimation. The uplink transmission signals are divided into several blocks as shown in Figure 2 . Each block contains the pilot and data symbols. The length of pilot symbols and the data symbols is  and  , respectively. Assume that every block experiences the same channel fading. ) ( 1 1 
The fast channel information from different users is statistically independent, and the noise 1 n is also independent of the channel impulse response jj H . With the number of antenna increasing, the following results can be derived on the large number theorem: 
Further, Eq. (5) can be normalized in the vector
Data Detection
The desired data j S could be detected from Eq. (6) on the MMSE criterion as following:
Where, A is the weighting vector satisfying MMSE criterion that the mean square error is minimum, and could be expressed as following:
Base on the mean value theorem of differential, the mean square error reaches 
Through the derivation, we have:
On the other hand, when  is much greater than 1, we can assume the data symbols transmitted from different users are i.i.d, and the data and noise are independent.
We have
A could be reformed into the vector as following: (9) Combing the results in Eq. (6) and Eq. (9), we arrive:
Update the Uplink Channel Estimation Information with Detection Data
In practice the detected data acquires Large-scale MIMO processing and MMSE detection gains, and its performance is greatly improved. Moreover the data is less polluted than uplink pilots by the interfering cell because the data transmitted by different cells are independent. If the detected data symbols are used as the known transmitting signals to update the uplink channel estimation information, not only the channel estimation quality could be improved but also the pilot contamination could be suppressed. The channel estimation is calculated on the received signals 
Further, simply the updated channel estimation as following:
After the first iteration, the pilot contamination 
Iterative Joint Detection and Channel Estimation Algorithm
The main idea of the iterative joint detection and channel estimation algorithm is introduced as following and shown in Figure. 3.
Step 1: Based on LS channel estimation algorithm, the initial channel estimation is performed on pilot symbols of each block as described in 3.1.
Step 2: Then the received signals are precoded by the MIMO receiver with Matched filter, whose weighting vectors are calculated based on the uplink channel estimation of the last step.
Step 3: Further, the desired data of the target cell is detected with MMSE detector from MF filtered signals. Step 4: The detected data is used as the known signals to update the uplink channel information.
Step 5: Continual iteration can suppress the pilot contamination of the channel estimation further, and its approach and the performance analysis are explained as the following. of the previous channel estimation ) 1 ( jj H is decreased and the precoding matrix is more accurate. Further, the normalized receiving precoding signals can be denoted as following:
Similarly, to satisfying MMSE criterion, the partial derivative of the mean square error with respect to
S Y
With the independence characteristic of the transmitted data, ) 
(
A could be derived to the vector as Eq. (9):
Observing the above expression, we can notice that the value of the interference term in the second iteration is the square of Repeat the above steps Eq. (4) - (12) , it follows the same law at the n -th iteration: In Eq.(19), the interference term is the n-th power of 
H
is less than the predefined small value , the loop is ended and the updated channel estimation
is applied for downlink precoding. Through multiple iterations of the data detection and channel estimation, it can be proved that even in the scenario of the severe pilot contamination the pollution term of the data detection and the channel estimation could be successfully suppressed eventually.
Numerical Results
To demonstrate the conclusion of above analysis, we run several simulations in a basic multi-cell Massive MIMO system. The simulation parameters are shown in Table 1 . To show the impact of the pilot contamination, three cells are configured the same uplink pilots with one cell as the target cell and the other cell as the interfering cell causing the pilot contamination. The severity of the pilot contamination is controlled by the large-scale fading coefficient of the target cell and the interfering cell, respectively. The structure of the data and pilots is shown as in Figure 2 . The length of data and pilots will be explained in each simulation. The quality of the channel estimation is measured by the mean square error (MSE) of channel estimation. Figure 4 describes the large scale fading coefficients of target cell and interfering cell are 0.8 and 0.1, respectively, the Bit Error Rate(BER) curve are evaluated with the different numbers of iterative times. Where, the range of SNR is -11dB to -1dB, the number of iterations is 1, 2 and 3 times, the length of the pilot and data are 10 and 200, respectively. From the Figure 4 , we found that when the base station executes once iteration, the BER decreases with the increasing of SNR and is reduced to zero as the SNR greater than -4dB; when the base station execute twice iteration, we notice that the BER decreases significantly and reduced to zero when SNR is greater than -6dB; when Figure 5 , we found that when the large-scale fading coefficient of the target cell is greater than the interfering cell, then the lower BER in data detection. Wherein, when the large-scale fading coefficients between the target cell and interfering cells are 0.6 and 0.2, then at -5dB or more the desired data is detected completely correct, at this time, the signal is mainly affected by noise pollution and the pilot pollution; when the large-scale fading coefficients between the target cell and interfering cells are 0.8 and 0.1, then at -7dB or more the desired data is detected completely correct, at this time, the signal is mainly affected by noise pollution and the pilot pollution; when the large-scale fading coefficients between the target cell and interfering cells are 1 and 0, then at -8dB or more the desired data is detected completely correct, at this time, the signal is mainly affected by noise pollution 
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Copyright ⓒ 2016 SERSC Figure 6 shows the MSE performance of the proposed algorithm and LS channel estimation as a function of SNR under different values of large-scale fading coefficients.
In this simulation, the data length  is 100bits and the length of pilots  is 20bits. , it is the light pilot contamination scenario. LS channel estimation is obviously impacted while MSE of the proposed approach is still close to 0.002. From Figure 6 , we can clearly observe in this scenario that the proposed algorithm has better performance gains over LS channel estimation. When
, it is the scenario with the severe pilot contamination. MSE of LS channel estimation keeps above 0.7, the channel estimation error can't be neglected and shall severely degrade the system performance; MSE of the proposed algorithm is close to 0.006, it means the channel estimation error would not severely degrade the performance gains of Massive MIMO system. Luckily, the number of the data detection and channel estimation loop is only one to achieve the above-mentioned performance in the light pilot contamination scenario. The number of loops needs three times in the severe pilot contamination scenario. Figure 7 shows the MSE performance of our proposed algorithm as a function of SNR under with different data length  . The length of pilots  is always 10. In theory, the longer the data is, the more non-coherent the data is and the better the pilot contamination is suppressed by the independence of the longer data. Our simulation results prove the same trends. When the pilot contamination is light, the performance that the data length is 500bits is better 10dB than that the data length is 100bits. When the pilot contamination is severe, the performance that the data length is 500bits has the significant performance gains over that the data length is 100bits. 
Figure 6. MSE versus SNR with Different Large-Scale Fading Coefficients
Conclusion
We analyzed the performance of the iterative joint channel estimation and detection algorithm in the multi-cell large-scale antenna system. We showed that the detected signals acquired the large-scale MIMO detection gains through combining Match Filter (MF) precoder and MMSE detection. Because the detected signals attained good detection performance and was less interfered than uplink pilots for the independence characteristic of the data transmitted, it was used as the known signals to update the channel estimation. Both analysis and simulation show that, with the number of the iteration increasing, the pilot contamination was gradually suppressed by the iteration of channel estimation, moreover the detection performance was obviously improved. After only one iteration in light pilot contamination cases and three iteration in severe pilot contamination cases, the proposed algorithm can obtain the detected data and the channel estimation information with the required performance. Thus it reduced the number of iteration and the complexity in contrast with other iterative algorithm.
Future work will consider the iterative joint channel estimation and detection algorithm in coherent large-scale MIMO channel. The new investigation will refresh the derivation of this algorithm and have more extensive application value.
